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© Binding assays. 

© A method of carrying out a binding assay (e.g. im- 
munoassay) comprises treating the aqueous reaction mix- 
ture, subsequent to the binding interaction, with a reactant 
(e.g. an enzyme) which interacts preferentially with a labelled 
version of one or other of the binding reagents when said 
reagent Is either bound in a complex or more usually in the 
free state, to give rise to a product having solubility 
properties which are substantially different from those of the 
original binding reagent or complex, thereafter partitioning 
hydrophobic substances from the treated reaction mixture 
Into a hydrophobic solvent phase and detecting or determin- 
ing labelled material present in the hydrophobic phase. The 
method, which is particularly applicable to the immunoassay 
of hormones and drugs and their hydrophilic metabolite 
conjugates, relies upon the differential accessibility to reac- 
tion of one or other of the binding reagents when in the free 
state as compared with the bound state and utilises this to 
selectively alter the solubility properties of either bound or 
free material to facilitate a liquid-liquid partition to separate 
labelled free and bound material. This liquid-liquid separa- 
tion replaces the solid phase separation step of previous 



assays advantageously providing a pseudo-homogeneous 
binding assay. Also the partition separation advantageously 
separates labelled material from luminescently or fluores- 
qently-acbve contaminants contained in the aqueous sample 
and is thus desirable for use with luminescent and fluores- 
cent labelled immunoassay procedures. 
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BINDING ASSAYS 
This invention rel . tes to bl „ ding ^ ^ 

ftuT ] and ( ta " UM " Sa ' S - *»*"««• «« Particular radiotaunoassay 
xaDeiied immunoassay (FIA) , 

In recent years immunoassay and other binding assav < 
have been vidaly adopted for 

biologically active substances such M antlbodlaa and ^ ■ 

e.g. bor™,nes and drugs and .hair TO t.b.U«„, a. tha vary !„„' 
c uc t loaa a, Which these aubstancaa _ pr _ t ^ ^ 

biologxcal systems. Binding assav t e ,i, n< 

inaing assay techniques rely upon a binding 
reaction of the substance undergoing assav with „ 

B ng assa y * 1 ™ a corresponding 
ba*drng partner „hich has a specific binding affinity for the 
substance in preference to other aubstancaa, for instance! 
specific antigen-antibody binding reaction. Ibe binding reaction 
ra stored by nae of a suitabie label on one or other oF J 

freTl"o ^ PI0P ° rtl ° n ° £ Ubelled mt " U1 ~ *» «°™ the 
free or bound state after incubation being M . sured . Ia order 

carry out this «eas„re.ent it is generally necessary 

separate free labelled reagent fro. bound conplexed labelled 

d"^' ,r Ue '/° r eXa,IPle • ^ " »"T technique f, r 

of b!T ' h0m ° ne - * ~ «*— -uantlty 

of the hoanoue ia incubated, together vith a too™ entity of , 
radioactive!, labelled analogue of tbe hor^ne. a 1^ 

fixed quantity of a specific antibody to the hor^na; the labelled 

l-ited entity of antibody. After incubation the bound hor»one- 
» ihody conple,, vblch be in the solid pbase. is separatee 
fron the free ho™,»e, e.g. b, filtration, tbe radioactive label 
is .ensured as a component of eitber the free or bound naterlal 
and the quantity of unkno™ hcone origin.il,, present in the 
s»Ple is thereby determined. Ibe aolid phase separation step, 
which is an essential characteristic of conventional radio^unoassay 
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and other heterogeneous Immunoassay techniques, is an undesirable 
manipulative step which complicates the procedure rendering it 
difficult to automate. 

Recently homogeneous immunoassay methods have been proposed, 

05 typically relying upon a change in some property of the label 
when in the bound state as compared with the free state. This 
change in properties, for example a change in reactivity or 
luminescence or fluoresecence properties, is used to determine the 
extent of binding and thus the quantity of th6 unknown. For 

10 example, U.K. Patent Specification No. 1,552,607 (Miles Laboratories 
Inc.) describes very broadly defined homogeneous methods of carrying 
out specific binding assays utilising, in particular, luminescence 
and fluorescence measurements. Also, it has been proposed in 
published U.K. Patent Application No. 2008247 (The Welsh National 

15 School of Medicine) to carry out a homogeneous immunoassay in which 
a luminescent-labelled substance is reacted with a fluorescently 
labelled antigen or antibody therefor, and a luminescent reaction 
is triggered, the energy of the luminescent reaction interacting 
with and exciting the fluorescent label on the bound antigen or 

20 antibody to produce a wavelength shift in light emission or a 

change in quantum yield. Biological samples, such as those derived 
from blood or urine, however, inevitably contain extraneous 
substances which may interfere with luminescence and fluorescence 
measurements, for instance, by production of background radiation 

25 against which it is extremely difficult to determine the radiation 
due to the label only, let alone any shift in wavelength or change 
in quantum yield on binding. 

A generally applicable method of carrying out binding assays 
has now been devised which advantageously obviates the need for a 

30 solid phase separation step, and is thereby more readily automated 
than previous methods incorporating such a step. The new method 
may conveniently also assist, in fluorescence and luminescence 
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binding ... ave , by dlmiMhlng problras ^ 
extreneous ™„. tancee pre8Mt „ 

Aceordiugl, the preseoc inventlo „ es 

the bi„ ding reacts. whM „ id 7 J" S '°° » £ « « «her „ f 

or hound in a complex, „ glve rlse t " T ^ ^ 

or^ual binding -sent or complex, therMfter p J°lllT 
hydrophobic substance from the tr. a t.j . titroain e 
* hydrophobic solvent phase and d « ~ IT" ° 1X " re 
-ateria! present in th. h„rophob" ^ 

r ? e. ts, e., a.Ii 8 en ^7-: ^ LTatate 
as co-pared rtth the bound complied state and utilises tT 
differential accessibility to rttw M1 1" .^ 

properties of either bound or free material t , facLtatel „ 

J-ea material is then determined. This lio,,^ i, ^ 
separation replaces the soli,! „h. "-quid-liquid 

essays. " ' 8 « ,i °*—8»~«a binoln,. 



biud, 1 " 6 ° e "'° d ° f ^ P "" nt ls «^ epplicable to 

binding assays i, E e«„ l ln ^ . 6 „ bst „ ce ^ ^ " 

affi.it! f t " er " £0t ° hlCh ' ~-«« "„di„ s 

y applxed to all those specific binding a Ssay 
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procedures which have been used previously, such as protein binding 
assays, receptor assays and specific enzyme assays, and especially 
immunoassays. The substance undergoing assay may be any of those 
substances for which a suitable binding partner can be found, 

05 including peptides, proteins, carbohydrates, glyco-proteins, nucleo- 
tides, bile acids, steroids and prostanoids. In particular, the 
method may be used in the binding assay of antigens or haptens and 
their corresponding antibodies, for instance, for binding assay of 
hormones, vitamins, pharmacological agents, drugs and metabolites 

10 and binding substances and receptors of any of these. Specific 

examples of substances which may be assayed are hormones and drugs 
and derivatives of these, such as hydrophilic metabolite conjugates, 
e.g- sulphate or glucuronide drug or hormone conjugates. 

Any suitable labelling tracer may be used to monitor the 

15 binding reaction, including those labelling tracers which are 

customarily used in binding assay techniques. Thus the label may 

comprise an enzyme, co-factor or enzyme inhibitor label, or a metal, 

dye, bacterial or viral label. In particular, the method of the 

invention is applicable to binding assays utilising radionuclide 

20 labelling including gamma-emitting radionuclide labels, e.g 7 75 Se~ 
125 

and I labels, and especially beta-emitting radionuclide labels 
such as tritium. When the radionuclide label is such a beta- 
emitting label, the hydrophobic phase into which labelled hydrophobic 
material is partitioned conveniently comprises the scintillation 

25 fluid for scintillation counting of the radioactive label. 

Preferably, also, luminescent and fluorescent labelling may be used, 
in which case partition of labelled material into the hydrophobic 
phase advantageously separates the labelled material from the 
aqueous sample and any luminescently or f luorescently active 

30 contaminants which it may contain. Furthermore, measurement of 
luminescent labels in the hydrophobic phase may give rise to 
enhancement of sensitivity (e.g. quantum yield), for instance, 
permitting use of peroxyoxalate chemiluminescence techniques • 



BNSDOCID: <EP 0044140A1_l_> 



0044140 

- 5 - 



E~.pl.. of laainescent UbeU „ hlc " h 
i.oWn.1 derivatives and dioMfu. .. "««ines, 
Ubel. are „ uotescel „ Ubel - --H- of fluorescent 

"5 and Its binding partIler ee """" thC 8ul8 "''« undergoing „ esav 
«r associated o£ ' tIndInS tM « e "". i... the substance 

i= -die, „ m :z f Tz^rr ° r th - — 

tha Madia, reagent 2„ ~ J^T^ 
»hen it la i. the free ^ * " elthet °°»°° * » coaple* « 

10 reacts m by Mlve „ t ^ .^S^**^ ~ 

invention envisages four possible 8c „^ e . ~' *» *• P"-a, 

procedures, ' teiC "°° ~"~ * "Ivent partition 

!>• In rtiich the reactaat preferential l» ... 

»hen in the for. of a hydro!,,, *" ^ 
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C -in „u< x, 6111 Partition procedures* 

in which reactant intPrartn ^ U " S , 
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partition procedures, an, " """^ **" * 
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D. in which reactant interacts preferentially with free hydro- 
philic reagent giving rise to a free hydrophobic product which 
may be separated from the resultant reaction mixture by solvent 
partition procedures. 

05 The invention envisages that the reagent may be more accessible 

to the reactant when in the bound complexed state, as in A and B 
above, for instance, when the binding partner is, or is complexed 
with, a co-factor which enhances the reactivity of the reactant. 
More usually, however, the reactant interacts preferentially with 

10 the reagent when it is in the free state, as formation of a 
complex between the reagent and its binding partner normally 
inhibits reagent-reactant interaction. Advantageously the preferen- 
tial interaction of the reactant is such that differentiation 
between the free and bound reagent is substantially maximised, 

15 the reactant preferably interacting with the reagent substantially 
only when it is in one state, usually the free state, and negligibly 
with the reagent when in its other state, usually the bound 
state. 

The product formed on interaction of the reactant with the 
20 reagent may comprise a fragment of the original reagent cleaved 
therefrom by the action of the reactant. Such a fragment may 
consist of the label itself, e.g. when the label comprises a 
luminescent label such as an acrid ine ester or isoluminal substi- 
tuent, or more usually the fragment comprises a grouping containing 
25 the label, e.g. when the label comprises a tritiated carboxylate 
or amino acid substituent. Thus, for example, the method may be 
used for detection and determination of water soluble hydrophilic 
materials, in particular high molecular weight materials such as 
proteins, in which case a reagent of the binding assay may comprise 
30 an analogue of the hydrophilic material comprising a labelled 
prosthetic group all or part of which may be cleaved from the 
hydrophilic material to yield a hydrophobic labelled fragment. 
It will be appreciated that reactant s which interact with such 
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-mi. e.g. protein , tthlch does „ ot 

-ptLna "* " " ^ or 

"mopnan.se. release the correspond « W hydrophoblc 

acid or p„ rti oo thereof, ptopionlc J » b " 

portion of tryptophan). 1 ,e- 

Alternatively the product »ay eo»pris. „ lBl „, 
in hound or tree fo™ »i» .. original reagent, 

add,,, 0,1 ^"""ion of the reautaut by 

a it ion or reaova! of a functional grouping, a.g. .. cst * 
grouping or sugar Mli „, by „ eans „ f hydr ". 
by -phobic solubility propertiaa of t „u tMgent . lt 

will be appreciated that in this case th* T o= ♦ 

. . case the reactant will <ntnvn»» 

With labelled and unlabelled .aterial alike 
ongoing assay, though the perfo^T^ 
invention relies only npon interaction „i,h Lbelleu Jl „ 
differentiate between free and hound labelled naterlal. 

a water-soluble detZtr^rTtZ Tg"?! ^ " 
or gl„c„„nlde eater, or sugar CMljugat . ot . L" ! " ' 
which, eubseeueo, to the binding inteylj ' " ' 

with a labelled version of the hydrophilic substance when either 

l : t r " en bound in a ~- — * -vr: e 

ee state to give rxse to a labelled hydrophobic product e e 
by hydrolysis of the hydrophilic derivative which is ,h . 
partitioned from the treated »„ tlve . which is thereafter 

om treated aqueous reaction fixture and determined 

a bindi I ? 10 a fUrther mb ° dlnent ^ *™ - it 

l n :v d r stance which is a ~* ~- 

. -ch as a drug or a hormone , which comprlseg 
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the aqueous reaction mixture, subsequent to the binding interaction, 
with a reactant which interacts preferentially with a labelled 
version of the substance, either when in the free state or when 
bound in a complex, usually when in the free state, to give rise 

05 to a hydrophilic product, e.g. by transformation of the labelled 
material into a corresponding hydrophilic derivative such as an 
ester or sugar conjugate, and thereafter partitioning hydrophobic 
bound complex comprising labelled material from the treated 
reaction mixture into a hydrophobic phase and determining said 

10 labelled material. 

Any suitable reactant and treatment may be used to derive 
the labelled product from the labelled reagent. Such treatment 
may include mild chemical treatment, for instance, with weakly 
acid or alkaline solution to hydrolyse hydrophilic ester groupings 

15 e.g. acridine ester groupings. Treatment may also comprise 

treatment with reactants which do not cause any apparent chemical 
transformation of the reagent. For example, it has been found in 
accordance with the present invention that treatment of a prosta- 
glandin (PGFM) or a drug (e.g. digoxin) with saturated ammonium 

20 sulphate solution alters the solubility properties of these 

compounds rendering them hydrophobic and susceptible to separation 
from the reaction by partition into an organic solvent. 

Usually, however, the reactant comprises an enzyme, in 
particular a specific conjugating enzyme or a specific esterase. 

25 For example, when the substance undergoing assay is a hydrophilic 
derivative, e.g. a water-soluble derivative of a hormone or drug, 
the reactant may comprise an esterase which hydrolyses the 
derivative to produce a hydrophobic parent compound, e.g. hydrolysis 
of a hydrophilic hormone glucuronide or sulphate by a glucuronidase 

30 or sulphatase to the corresponding hydrophobic hormone. Similarly, 
for example, when the substance is a water-soluble high molecular 
weight material such as a protein, the reactant may comprise an 
esterase to hydrolyse off a hydrophobic labelled prosthetic 
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group, which may conveniently comprise a l a b„i, „ 

ester grouping e . g . glucuronic ~ ed, e.g. 3 H labelled, 

reactant used may be the same as or simiT ? ' ^ ^ 
assay of lower mm- i t0 that us ed for 

• -."v., rr? a,My ~ 

may comprise a specific con1u M ,<„' 3 ^ the rea «ant 

Native. e. 8 . W^Z^T ** ' ^ 

glucuronic acid. transferase together with ODP- 

10 Hydrophobic substances are then partitioned f u 

reaction mixture into a hydrophobic solve ^ 7 1 ^ 
and conditions may be used for partition , ^ S ° 1Vent 

in accordance with the relative ^ * ^ 
labelled product and the origi^ b^ Z '"^ " 

3 G ~tiy the W^^^:^ ~ 

scintillation fl uid for uee . ™* PW the 
binding assays. Remitting radionuclide 

labelled 

The binding assay method of the DrefiB „t , 
3 edded In the form of lloul . ' ° P6a8e • aU "»Sente being 

-P. Conveniently, also, .easuje ' ^eU f *" SeP "" 10 " 
the hydrophobic eolvent eh.- Celled materiel in 

»hich ie P.rtWarx/aa" r,:^ 1 ~~ 
l<«»ine.ee»« i»mno» se a, s jw,,, flooreece.ee eod 

of the invention J, be^van. 1 " '"f '* b ~ 6 
netnrai, bioX.,^ J.^T^t?.^ , ' PO ' , 
-elation or hydrophilic derived "l ^ "* 
enlphate derivative.. S ' 8l "c«ronide and 

The invention also includes Me. t 

ot the invention, tvpicall, T T """^ °" ,he *»*<* 

•ypicell, comprising binding assay reege„ ts 
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together with a reactant, usually an enzyme, e.g. esterase or 
specific conjugating enzyme and derivative, for interacting with 
a labelled version of one or other of the binding reagents when 
said reagent is either in the free state or bound in a complex to 

05 give rise to a product having solubility properties which are 

substantially different from those of the original binding reagent 
or complex. The binding assay reagents usually comprise a 
labelled binding reagent, usually labelled antigen, e.g. labelled 
hormone, together with its corresponding binding partner, usually 

10 antibody, and reference material i.e. solutions or freeze-dried 
preparations containing known concentrations of the substance 
undergoing assay. When the kit comprises an enzyme reactant it 
may also comprise co-factor for the enzyme, and also substrate in 
the case of conjugating enzyme reactants. Antibody and labelled 

15 antigen may be maintained together in a single container, for 

instance in freeze-dried form. Kits may also comprise hydrophobic 
solvents, including scintillant fluids, for partitioning hydro- 
phobic material from the aqueous reaction mixture. 

Examples of some systems to which the liquid differentiation 

20 immunoassay procedure (LIDIA) of the present invention may be 
applied are given below in table form indicating the substance 
which may be assayed and labelled reagent, reactants and solvent 
partitions which may be used. 
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Other systems to which the method of the Invention has been 
applied are described to further illustrate, through not limit the 
scope of, the invention in the following examples which refer to 
the accompanying diagrams in which:- 

05 Figure 1 shows a graph of a standard curve of counts against 

oestradiol concentration; 

Figure 2 shows a graph of the variation of plasma oestradiol 
in daily samples throughout a complete menstrual cycle as deter- 
mined by LIDIA and conventional RIA; 

10 Figure 3 shows a graph of the correlation between the concen- 

tration of oestradiol as determined by conventional RIA and the 
method of the invention (LIDIA); 

Figure 4 shows a graph of a standard calibration curve for 
testosterone determination; 

15 Figure 5 shows a graph of the correlation between concentration 

of testosterone as determined by a LIDIA method and a coventional 
RIA method, (a) for women and (b) for men; 

Figure 6 shows a graph of a standard curve of counts against 
oestrone-3-glucuronide (Oe^-3-G) concentration; 

20 Figure 7 shows a graph of the concentration variation of 

oestrone-3-glucuronide (0e^-3-G) in daily samples of early morning 
urine throughout a complete menstrual cycle as measured by the 
method of the invention (LIDIA) and compared with a conventional 
radioimmunoassay method; 

25 Figure 8 shows a graph of the correlation between the con- 

centration of oestrone-3-glucuronide as determined by conventional 
RIA and LIDIA. 

Figure 9 shows a graph of a calibration curve for thyroxine 
determination; 

30 Figure 10 shows a correlation graph for thyroxine concen- 

tration as determined by conventional RIA and LIDIA ; - 

Figure 11 shows a graph of a calibration curve for PGFM 
determination; 
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Figure 13 shows a correlation ova u r , 
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oestradiol present in 
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the unknown samples were determined by comparison with the standard 
curve. The results obtained are given in Figure 2 which shows the 
variation in daily count as determined by the method of the invention 
compared with the results obtained by conventional RIA. Figure 3 
shows the correlation between the concentration of oestradiol as 
determined by conventional RIA and the method of the invention. 
The method of the invention gives results which are clearly in 
excellent agreement with those obtained by a prior art RIA method. 

Free labelled hormone present in the reaction mixture after 
the binding reaction interacts with the UDP-glucuronyl transferase 
conjugating enzyme in the presence of the UDP-glucuronic acid 
co- factor to produce labelled water soluble oestradiol -3(1^9)- 
glucuronide conjugate. On addition of the hydrophobic scintillant 
fluid, the water soluble conjugates are trapped in the aqueous 
phase, but hydrophobic labelled hormone derived from the hormone- 
antibody complex is released therefrom, and passes into the hydro- 
phobic scintillant phase where it is determined. 

(b) Determination of oestrone 

The oestrone content of peripheral plasma was determined by a 

LIBIA method similar to that described above for determination of 

3 

oestradiol. 2, 4, 6, 7 - H -oestrone labelled antigen (specific 
activity 85Ci/m mol) and antxserum to oestrone-6-carboxymethyl 
oxime-bovine serum albumin were used. Otherwise the reagents 
i.e. enzyme/UDPGA substrate and solvent/scintillant, and method 
were as for the determination of oestradiol. A calibration curve 
similar to that for a conventional heterogeneous radioimmunoassay 
was obtained by the LIDIA method. 

(c) Determination of oestriol 

Similarly, as above, the oestriol content of peripheral 
plasma was determined using a LIDIA method. The labelled antigen 
used was 2, 4, 6, 7 - H 3 oestriol (specific activity 100 Ci/m mol) 
and the antiserum was antiserum to oestriol-6-carboxymethyl oxime- 
bovine serum albumin. Otherwise the reagents and method were as 
for oestradiol. 
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A similar calibration curve to that obtained by conventional, 
heterogeneous RIA was obtained using the LIDIA method for oestriol. 
W) Determination of testosterone 

Testosterone concentration was determined in peripheral 
Plasma of 13 women who were attending an infertility clinic and 
also in the plasma of 13 healthy men by a LIDIA method according 
to the present invention. For the sake of comparison the testo- 
sterone content of the same 26 samples was also determined by a 
conventional radioimmunoassay method. 

The LIDIA method employed for testosterone determination was 
as follows:- 

50^1 samples of plasma from the women, or 20//1 samples of 
plasma from the men, were extracted with 500„1 aliquots of diethyl 
ether (in duplicate). The aqueous fractions were separated by 
freezing with dry ice and ethanol, and the" organic phases were 
decanted into assay tubes and evacuated to dryness in a vacuum 
oven. Labelled antigen, tritiated testosterone (1, 2, 6, 7 - H 3 - 
testosterone - specific activity 93Ci/m mol; 100/il 5 20,000 dpm), 
together with antiserum <5<*1 anti testosterone-3-carboxymethyl' 
oxfcne-bovine serum albumin) was added to each assay tube, mixed 
and then incubated at room temperature for 45 minutes. Aliquots 
of UDP-glucuronyl transferase (20MlS400Pg protein), derived as a 
microsomal preparation from female hamster liver, together with 
0DP glucuronic acid were then added to each tube and the resultant 
mixtures incubated at room temperature for 90 minutes, after which 
1 ml of scintillation fluid.. (5g PPO/1 toluene : ethanol 991,v/v) was 
added, with mixing, to each assay tube and the radioactive counts 
determined in a scintillation counter. 

A standard calibration curve, as shown in Figure 4, of per- 
centage binding, (i.e. (counts-enzyme blank/Bo-enzyme blank) x 100, 
where Bo are the counts at zero binding and zero testosterone 
concentration) versus concentration of testosterone, was obtained 
using 100P1 samples of buffer containing 184, 92, 46, 23, 11.5, 
5.75 and 2.87 pg of testosterone. 
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The testosterone content of the 26 patient samples were 
determined by comparison with the standard calibration curve and 
the results obtained by the LIDIA method were found to have a 
similar sensitivity to those obtained by the conventional, hetero- 
geneous R1A method, A comparison of the results obtained by the 
two methods is given in Figure 5 which is in the form of correlation 
graphs (a) for women and (b) for men showing excellent agreement 
between the results obtained by RIA and LIDIA. 
Example 2 

The determination of water soluble gonadal steroid conjugates 

(a) Determination of oestrone-3-glucuronide 

0estrone-3-glucuronide (Oej-3-G) was determined daily in 
samples of early morning urine throughout a complete menstrual 
cycle by conventional RIA and also by the method of the invention. 

In the latter determination the method which was adopted was 
as follows: samples of urine were diluted 1:20 (v/v) with 0.01M 
phosphate buffer (pH 7.0) • 50//1 aliquots of the diluted sample 
were added to assay tubes together with 50^1 of tritiated Oe^^-3-G 
in buffer (6, 7(n)-H 3 -Ej-3-G t specific activity 38Ci/m mol; 50/il 
h20,000 dpm) and 50//1 of anti-Oe^-G (50jilsl:3,000 v/v). The 
contents of the tubes were mixed and incubated at 37°C for 
15 minutes, 50/il (5U) of beta-glucuronidase (Type IX - Sigma 
Chemical Co. Ltd.) was then added to each tube and the contents 
mixed and incubated at 37°C for 10 minutes. 1 ml of scintillation 
fluid (3g PP0/1 toluene: ethanol; 99:1 v/v) was added to each tube, 
mixed and the radioactivity determined in a scintillation counter. 
A standard curve, as shown in Figure 6, of radioactive counts 
against oestrone-3-glucuronide concentration was obtained using 
50P1 samples containing 1,000; 500; 250; 125; 62 and 31 pg of 
oestrone-3-glucuronide. The concentration of oestrone-3-glucuronide 
present in the unknown samples was determined from the counts 
obtained by comparison with the standard curve. The results 
obtained are given in Figures 7 and 8, Figure 7 showing the daily 
concentration variation of oestrone-3-glucuronide in samples of 
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early morning urine as measured by the method of the present 
invention (LIDIA) and also by conventional R1A, and Figure 8 
showing the correction between the concentrations of oestrone-3- 
glucuronide as determined by conventional RIA and the method of 
he mention. There was excellent agreement between the results 
obtained by the method of the invention and the conventional RIA 

Also the sensitivity, precision and bias of the method was 
evaluated and spared with that of the conventional, heterogeneous 
immunoassay, the results obtained being given below in Table 1 
2 ^ CCT * ara ^ evaluation of T.rnr, ^ .„. 
the measurement of E,-3-G in urine 

Mean 

sensitivity Precision 
Method ( m nol/1) ocv(%) Rw{%) 



Mean 
bias (X) 



Heterogeneous 



-17 
-18 



m 2 -< 6.1 u. 4 

LD>tt 5 ' 6 9.1 8.2 

In Table 1 aeasitlvft, relatas to the coaceatratloa ^eh „ as 

The pr.ei.loo „. ossessed „ y ^ eoadltioa, 

~ ,0CV), f.e. ,oa coeff lclmt o£ aarfatloa over 2 0 Xee 
of «,a e„ pl e undet ldeal co „ dltlooSi Md ^ condltlo ^ e 

"I 1 "" « CT> - «- — «— « of variauoo on the « 

urina ea* pl . ee.!^ ov „ 5 «, ueMlal ass>ys _ ^ 

control ariae coataiaad approrl,...!, 39.5 a «,!/, of E 

raaat* 81 " 1 ^ ° eBtrm ^ 1 ""^ "«aloi^ J. ^ 

raaatloa atxtm 8Qbse , uent „ ^ ^ ^ ^ 

y tha e„r y .e to prooooa „ yd ro P „oMc Celled oestroae ^ J. 
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(b) Determination of oestriol -16g-glucuronide 
0estriol-16o-glucuronide (E 3 ~16a-G) was determined in diluted 

urine of pregnant and non-pregnant women by a LIBIA method similar 

to that described above for determination of oestrone-3-glucuronide. 

3 

The labelled antigen used was 6,9-H -E 3 -16a-G (specific activity 
22Ci/m mol), and the antibody anti E 3 -16 -G-6-BSA. Otherwise the 
reagents, enzyme and scintillant, and method were as for oestrone- 
3-glucuronide determination. The sensitivity, precision and 
values determined throughout a menstrual cycle were similar to 
those obtained by a conventional , heterogeneous radioimmunoassay. 

(c) Determination of . pregnanediol -3q -glucuronide 

The content of pr egnanediol-3a -glucuronide (Pd-3a~G) in 
diluted urine was determined throughout a menstrual cycle by a 
LIDIA method similar to that described above for determination of 
oes trone-3-glucuronide • 

Urine samples were diluted 1:100 (v/v) with 0.01M phosphate 

buffer (pH 7.0) $ and 5Qil aliquots of the diluted samples were 

3 

added to assay tubes together with labelled antigen (6,7-H -Pd-3a-G, 
specific activity 42Ci/m mol; 50^1=20,000 dpm) and antibody in 
buffer (anti Pd-3a-G-6-BSA; 5Qil of 1:2,000 v/v, i.e. 50% binding), 
mixed and incubated at 37°C for 15 minutes. 5Q*1 (;=5U) of /9-glucuro- 
nidase (Type IX - Sigma Chemical Co. Ltd.) was added to each tube, 
the contents mixed and incubated at 37°C for 10 minutes; after 
which 1 ml of scintillation fluid (3g PPO/litre toluene: ethanol; 
99:1 v/v) was added to each tube with mixing and the tritium 
content of the scintillant layers determined using a suitable 
scintillation counter. Standard tubes containing 10,000, 5,000, 
2,500, 1,250, 625, 312 and 156 pg of Pd-3P-G/50M1 buffer were also 
assayed by the above method, and a standard calibration curve was 
prepared from the results, being similar to the standard curve 
obtained by conventional, heterogenous RIA. The Pd-3a-G content 
of the unknown samples was determined by comparison with the 
standard curve. The sensivitiy of the LIDIA method was found to 
be similar to that of a conventional, heterogeneous RIA. 
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re.-3-S), „, also determined using a LIMA .*,„„„ 5tollar ' " 
described previously for determination of other s^ZZZ. 
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Samples were diluted (e.g. urine samples) or extracted (e.g. serum 
samples) and mixed with 100/il in buffer aliquots of labelled 
antigen (6, 7(n)-H 3 E, ,-3-S, specific activity l.lCi/mol; 20,000 
dpm=100/zl buffer) and antibody (anti EJ-3-S-6-BSA; lOOp of 
1:500 v/v) in sample tubes and incubated at room temperature for 
30 minutes. 100 /A of enzyme, aryl sulphatase (Helix pomatia 
juice, Sigma Chemical Co. Ltd.; 100/il=10U) was then added to each 
tube, the contents mixed and incubated at room temperature for 
30 minutes, after which 1 ml of scintillation fluid (3g PPO/litre, 
toluene: ethanol 99:lv/v) was added to each tube and the tritium 
content of the scintillant phase determined using a suitable 
scintillation counter. A standard calibration curve was also 
obtained from sample tubes .containing 5,000, 2,500, 1,250, 625, 
312, 156 and 76j/pg/100/il of buffer of Ej-3-S and was found to be 
similar to that obtained .by a conventional, heterogeneous RIA. 
The oestrone sulphate concentration in the unknown samples was 
determined by comparison w±th the standard calibration curve, and 
the results obtained indicated that the LIDIA method was as sensi- 
tive as a conventional RIA. 
Example 3 Determination of thyroid hormones 

A LIDIA assay was developed for determination of total serum 
thyroxine (3,3* , 5, S'-tetraiodo thyronine; T^) for use as a pre- 
liminary step in the assessment of thyroid function. The LIDIA 
assay was based on the use of a labelled propionic acid derivative 
of T^ which competes for antibody with the natural T^ present in 
the sample. The T^ derivative was found to be susceptible to 
cleavage by an enzyme whan in the free state, but not when in the 
bound state, releasing labelled propionic acid which was determined 
as a component of a hydrophobic solvent phase. The principle upon 
which the assay was based is as follows in schematic form:- 
(i) Competitive binding reaction 

<V * <V natural " Ab ; *= i <V Ab) * <V Ab) 

I 3 I 3 

propionic acid (H ) propionic acid (H ) 
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(ii) Differential antigen metabolism 

(T.) + (t -AM delta - c hymotrypsin • . , •> 
4 u 4 At>) • ■■ (T 4 ) + propionic acid (H ) 

propionic propionic acid (H 3 ) + (t -Ab) 
acid (H 3 ) 4 

propionic acid (H ) 

(iii) Solvent partition 

CT 4 ) + propionic acid (H 3 ) ^ j p r0 p lonlc acid ^3) 

organic solvent 
Preparation of ^derivative 

The tritium labelled propionic acid derivative of T was 
prepared as follows:- 4 

N-succinimidyl (2,3-H 3 ) propionate (specific activity 50Ci/m 
mol, The Radiochemical Centre, Amersham, Bucks.) was used as 
acylating agent, reacting in an analogous manner to the Bolton & 
Hunter reagent. A quantity of the acylating agent (SOtyCi; 
12 n mol) in toluene (250,1) was dried under a pressure of 0 mm Hg 
and cooled to 4°C. 3.1 mg of L-thyroxine was dissolved in 75Qil of 
ethanol and 2.35 ml of distilled water was added. 5pl of the 
resultant solution (i.e. equivalent to 6.4 n mol of T.) was then 
added to the dried ester and the resultant mixture incubated 
for 3 hours at 4°C, after which the reaction was stopped by addition 
of and mixing with 200,1 of borate buffer (0.1M, pH 8.5). Unreacted 
hydrolysed labelled propionic acid remaining in the reaction 
mixture was removed by extraction with a mixture of decanol and 
toluene (30:70; v/v). 
Assay 

The procedure adopted for the assay was as follows: 
Serum samples were diluted 1 + 3 with buffer (0.1M PBS; P H 
7.5), 50,1 aliquots of the diluted samples being used in each 
assay tube. Standard solutions in hormone free plasma (diluted 
1 + 3 with buffer) were also prepared continaing T in the range 
from 400 to 12.5 n mol/1, 50„1 aliquots of the standard solutions 
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being taken in duplicate for the assay. To each aliquot of sample 
or standard solution was added labelled analogue (50^1 containing 
10,000 dpm) and lOOpg of ANS (anilonaphthalene sulphonic acid) to 
displace any T^, bound to thyroglobulin and pre-albumin) and anti- 

05 thyroxine sera (from RAST Allergy Unit, Benenden, Kent, diluted to 
give approximately 20% binding). The contents of each assay tube 
were then mixed and incubated for 1 hour at room temperature, 
after which aliquots of delta-chymotrypsin (SO^l^lOU, Sigma Chemical 
Co. Ltd.) were added with mixing and the resultant mixtures incubated 

10 for a further 15 minutes at room temperature. 1.5 ml of scintillaton 
fluid (5g PPO/litre, decanol: toluene, 30;70v/v) was then added to 
each tube with mixing, and the tritium content of the scintillant 
phases determined in a suitable scintillation counter. 

A calibration curve (B/F versus log concentration of T^) was 

15 prepared from the results obtained from the standard solutions and 
is shown in Figure 9. 

Seventeen serum samples which had been previously analysed 
for T^ by a conventional, heterogeneous RIA were re-analysed by 
the LIDIA method described above. A comparison of the results 

20 obtained by the two methods is given in the form of a correlation 
graph in Figure 10. 

Example A Determination of prostanoids 

A further LIDIA assay was developed for determination of the 
prostanoid 13, 14-dihydxo-15-oxo-prostaglandin F^ a (PGFM), which 
25 is the main circulating metabolite of prostaglandin F 2 a. The 
assay used relied upon the effect of ammonium sulphate treatment 
on the solubility properties of PGFM. It has been found that 
treatment of PGFM with saturated ammonium sulphate solution renders 
the normally hydrophilic free form of the prostanoid hydrophobic 
30 and thus organic solvent soluble, and it is believed, without 

prejudice, that this is due to the ammonium sulphate reversing the 
normal ionisation of carboxylic acid groups on the PGFM. 
The method of assay adopted was as follows: 
Samples were prepared by adding lOO^il N HC1 to a 1 ml serum 
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ol ! u eXtraC "° 8 " lth 10 ^ " m «"« — the 

orsa ic p„a S e was seper.ted, dried and tha residue re „ 

solution being used f„ r a8sa3r . standar<i ^ 
05 prepay containing Leo, 500 , 25 „, 125 , 62 . 5 , M ^ 

7.8 PS/100^ of tha proataaoid in buffer, 100,4 a li,„ 0 ts of the 
eoluti balng f „ ,„ ay> io Msay tuus ^ e 

ro™ (5, 6, 8, 11, 12, I4-H 3 . PGF „. scacific actlv 

io oca.ao.ooo d P m> ana antl8ata (antI - ; 

l a °i S r Urated a, " eOUS ^ "W- •*««- - tL 

added, «lth „i*i„g t0 aach tubai a£ter scl„. iUatl ou 
«»« ( 5S PPO/Utre toluene !a thanol, „„ v/v) aas 

»as then determined using a ecintlllMion counter. 

in 1 T T ratl °" C "" e " mWmL «»» «™ conoentrntion 
V ' ^ Pr,,Pared £t< " the Stained from the atandard 

aolutions and in aho™ in Finure 11 Th»7Tn„ standard 
,„ . . 'agure 11, The LID1A method vas f„ u „d 

Exa mple 5 Determinating of d ru f « 

A LIBIA assay was also developed for determination of the 
drugdigoxin. This assay, similar to the LIDIA assay for PGEM 
15 described in Example 4 reli-A , 

render «. „ * mmaUm sulphate treatment to 

orLl T 7 hydrOPhlUC fOIm ° f ^ W*o hic and 
organic solvent-soluble, and. thereby facilitate partition of ■ 

Plexed labelled drug Serial present in the aqueous phase. 

The method employed for the assay was as follows- 

50,1 plasma samples were made up in duplicate In sample 
tubes. To each tube wae fidded aiiquotg ^ iabeued digo ^ 

-Digoxin, specific activity 14Ci/m mol; 50,1=10,000 dp ra ) and 
antiserum to digoxin (50,1), and the content6 of ^ 
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mixed and incubated at 4°C for 30 minutes. 30QP1 of saturated 
aqueous ammonium sulphate solution were then added to each tube 
with mixing, followed by 1 ml of scintillation fluid (5g PPO/litre 
toluene: ethanol, 99:lv/v) with mixing, after which the tritium 

05 content of the scintillant phases were determined using a suitable 
scintillation counter. Standard solutions in stripped plasma were 
also prepared and assayed, containing 5,000, 2,500, 1,250, 625, 
312, 156 and 78 pg of digoxin/50/il buffer. 

A calibration curve (counts per minute for the free fraction 

10 versus digoxin concentration in pg/tube) was prepared from the 
results obtained from the standard solutions and is shown in 
figure 12. 

18 plasma samples from patients receiving digoxin treatment 
were analysised by the. method described above. These samples had 

15 also been analysed previously by a conventional, heterogeneous RIA 
method. A comparison of the results obtained by the two methods 
is given in the form of a correlation graph in Figure 13. 
Example 6 Automation of LIDIA 

An automated continuous flow analysis system, shown diagram- 

20 matically in Figure 14, was developed for use with the LIDIA 

method of the present invention. All reagents used, (i.e. sample 
and label, antibody, enzyme and organic solvent) are in liquid 
form and are added, .mixed and incubated at appropriate points and 
mixing and incubation coils provided within the system. After 

25 addition of the organic solvent (e.g. scintillation fluid) a phase 
separator is employed to separate out the organic phase which is 
then passed to an appropriate detector via a debubbler. 

An automated system based on existing AAII technology and 
incorporating a liquid scintillation flow cell as the detector, 

30 was evaluated for the measurement of oestriol-16«-glucuronide. 
The reagents and principle of the method used were substantially 
as previously described in Example 2(b). The system was used to 
determine oestriol-16c*-glucuronide content of serial samples of 
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earl, .orning „ rine ,„,„,„,„„ , (> 

reeolts obtained „ glve „ to pig „ re „ - * 

op.rl.oo, also contain, result6 obtaIned by . convent 12;' 
bstsrogeneoos, ranutl RIA analysis of the JL ^ £ 

by the conventions! „a„„.l ria ™ thod . 

— «r ; P ;::nr \t that the autmated lidis 

besides oasm" 16 1 " ° f «"« ^Pounds 

points. ' M — lomineecent end 

aaseis-Z lidia with aaa-tj Mo^ 

(a) Oestradiol (E ) 

~ r; r a r- ~ -~ 
* . «*: e"::r: y :™* ;r h : r: £o ™ o£ the — 

ecridin^estr.di.1 ester My thm ta ' , 

mixture usina a ml,,!,. , "ttioned fro. the reaction 

"sing a suitable polar organic solvent and l™,«„. 
produced and detertoed in the or.. • , lo " 1 ° es,: »« 

of the acridine ester a . b '" U ' 8 ' ! ^ 

i „«. . v 7 potasslu ° t-butoaide/DMSO. I he 

tali T ""'""^ ^ ' "~ 
that, " '°' 8Stlea "- - *"is »thod have indicated 

(i) cbcilonlnescence can be petfood in an „ rg . nlc phase . 

(iii) free acridine is „ ot luminescent. 

Present results indicate, however, that the labelled antiaen 
-s not hind effectively t0 ^ ^ ^ J 
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that satisfactory labelled antigen - antibody binding can be 
obtained if appropriate derivatives to oestradiol-3-acridine ester 
are synthesised. . 
(b) Testosterone (T) 

05 A similar luminsecent LIBIA assay for testosterone was investi- 

gated based upon the use of testosterone-3-carboxymethyl oxime-amino 
butyl-ethyl-isoluminol (T-3-CM0-ABEI) (supplied by Dr. F. Kohen, 
The Weizmann Institute of Science, Israel); the method relying 
upon preferential cleavage of the labelled antigen, vhen in the 

10 free state, and partition of the labelled antigen, derived from 
complex, into a polar organic solvent phase, e.g. decanol. 
Preliminary results have indicated that: 

(i) chemiluminescence can be performed in an organic phase; 
(ii) antibody binding inhibits partition of the labelled 
15 antigen into an organic phase, and 

(iii) excess testosterone in the presence of antibody and 
labelled antigen (T-ABEI) enhances light emitted from the organic 
phase. 

It will be appreciated that this method has not yet been 
20 optimised, and it is anticipated that appropriate choice of solvent 
systems will considerably improve the partition of labelled antigen 
away from the cleaved isoluminol moiety. 
Example 8 Determination of protein 

Preliminary investigations were carried out on two alternative 
25 LIDIA methods for determination of the protein, human chorionic 
gonadotrophin (hcg). 
(a) hCG (5-H 3 ) -tryptophan 

In one method a tritiated tryptophan-hCG conjugate was investi- 
gated for use as the labelled antigen. This conjugate was prepared 
30 as follows:- 

1 mg of hCG (10,000 IU/mg; Calbiochem Ltd.) was dissolved in 

a 100/il of phosphate buffer (3 mM; pH 6*3). An ethanolic solution 

3 

of (5-H ) -tryptophan (2.5 mCi - 125 n mol; The Radiochemical 
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25 



30 



05 the, added to L re " ^ in^ 1 ' «*-«"«-«> 

"ssay ta *„, the ' «*«- ^ use to . mn 

10 a ii^ted , u .„ tlty of , ntlb IX;21 " lth " ,8,UraI hC ° f °' 
«• cleave .ry^. * »sed 

«nd release tritl™, Celled iadole " f " ,ryPt °'" M '' "njofete 
sciotlllaUo,, flaid phMe ^ "^.f^ 18 osrtitioaed iato a 

W l^ai^ 111 " S -*« is deterged. 

In aa alteroatlae ^thod a tritiatad • 

con^te Ms prepated by a s!M ^ r ^^ This 

daacrlhad i« 3 to that previously 

th . t 400WI M 2 e rrrri.:: d v(2,3 - H3> 

»< -<*. ^ Uhaiiad aatiseo l^Tf "* ,0 * < " » » D 
Sephadex 025 sola™. * P "" fl ^ b * o"™»stosraphy o» a 

The LIBIA aethod usiae th) . „ . 
«■ sa« ta ^ , o •' ,tl "" 18 suhsuaruily 

t^tcphaa - hoc tMjt81te as j££ aoT ^ 
sssy» oaed is heta-ch wttyi>sln ' ' "« ,ha 

- "itWlaoelled PropiJ^ a u ^ * * 

freliMaar, tovMt CXd £r °" conjugate. 

(i) both^ - ° 01 — * indicate t ha t! 

»md to hco aotihodles; ' '* l0Mte "* hCe - ( ^> 'typ.ophaa 

(ii) hCG - (2 

sntihodies hy aalahelj h« eoT " dlSPl8 " d f ™ « 
<o ^ J^^J-j^ ly 
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CLAIMS 

1* A method of carrying out a binding assay comprising treating 
the aqueous reaction mixture, subsequent to the binding interaction, 
with a reactant which interacts preferentially with a labelled 
version of one or other of the binding reagents when said reagent 

05 is either in the free state or bound in a complex, to give rise to 
a product having solubility properties which are substantially 
different from those of the original binding reagent or complex, 
thereafter partitioning hydrophobic substances from the treated 
aqueous reaction mixture into a hydrophobic solvent phase and 

10 detecting or determining labelled material present in the 
hydrophobic phase* 

2. A method according to Claim 1 comprising an immunoassay* 

3« A method according to Claim 1, for assay of a hormone, vitamin, 

pharmacological agent, drug or metabolite, or binding substance or 

15 receptor of any of these. 

4* A method according to any of the preceding Claims for assay of 
a hyrophilic metabolite conjugate of a hormone or drug, 
5. A method according to any of the preceding Claims, in which 
the labelling used comprises a radionuclide, luminescent or 

20 fluorescent label. 

6* A method according to Claim 5i in which the labelling used 
comprises a ^-emitting radionuclide label and the hydrophobic 
solvent phase comprises scintillation fluid. 

7* A method according to any of the preceding Claims, in which the 
25 reactant interacts preferentially with the labelled version of one 
or other of the binding reagents when said reagent is in the free 
state. 

8. A method according to any of the preceding Claims, in which 
the product formed on interactixm of the reactant with the reagent 

30 comprises a fragment of the original reagent cleaved therefrom by 
the action of the reactant. 

9. A method according to any of Claims 1-7, in which the product 
formed on interaction of the reactant with the reagent comprises the 
original reagent altered by addition or removal of a functional 
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Grouping by means of which u * 
10. a method of carryi na 

Pre*™,.!,, „ lt „ . frM v ' S1 ; c 7 *** «— — 
«.»*„,„ to 9ive ri .. to . l ' , ™ i ° B " the "3*<*hU Ic 

«• Partitione4 * r t ? < * hotlc «* »• 

«" ^ treatea ««— » «actio„ „ lxtur . 

10 11. A method of .carrvino „.+ 

— oe in which, ~ \ f" ' 

reaction mixture is ^ e ^ T eraCU ^ «" 
Preferentially vit h * free label, , * Erects 

substance to give rise to „ 7 VerSi0 ° ° f h ^hobi C; 
5 — ™»g labeled ^ 
the treated aoueous reaction mixture into TlT" ^ 
said labelled material is then „ ♦ ^rophobic pha Se ^ 

1P . aA 16 theD determined. 

12. A method according to anv of +u 

W- A method .ccortino to Cl»<„ ., . 

» .**„*... CU ™ «e r eo Ctant ca ^ r . see 

14- * ° ethod ««ord inB to Claim 12 ,„ 

15. A metho, . ccoraill8 t<> J"***" • ~«.„1. de,. iva « iv<> . 

Wyooohouc .ol, f 7 «—-"-. oe« r o».-3- 

t^„e, c:;; rcr; r*-*- 

Cortisol. "Ulating hormone, testosterone or 

16 * A metl >od according to Clain, * 
30 17. A method according to ciaZ f " * ^ Ste " id ' 

gonadal steroid conjugate. r ""^ °* * soluble 

18. A method according to Claim i f 

19. A method according to Claim , * * thyr ° i<J h °™° ne - 

Claxm i for assay of & prost 
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20. A method according to Claim l for assay of digoxin. 

21. A method according to Claim 1 for assay of human chorionic 
g onad ot r oph in • 

22. A kit for use in a method according to Claim 1 comprising bind- 
05 ing assay reagents and a reactant for interacting with a labelled 

version of one or other of the binding reagents when said reagent 
is either in the free state or bound in a complex to give rise to a 
product having solubility properties which are substantially 
different from those of the original binding reagent or complex. 
10 23. A kit according to Claim 22, in which the reactant comprises 
an esterase or specific conjugating enzyme and derivative. 
2k. A kit according to Claim 22 or 23 comprising hydrophobic 
solvent for partitioning hydrophobic material from the aqueous 
reaction mixture. 
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